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Growth (change in mass) and calcium metabolism of embryonic turtles have received little
attention. The present study extends this small data set to include the long-necked tortoise,
Chelodina longicollis, Shaw (Testudinata: Chelidae). Eggs were 3/4 buried in vermiculite
and incubated under controlled moisture (-200kPa) and temperature (30°C) conditions.
Embryonic growth was described by the regression of log dry mass on log day of incubation.
Total calcium in the egg did not change but was redistributed. The demand for calcium
during embryogenesis exceeded the amount available from the yolk and albumen; the
additional calcium required for osteogenesis was supplied by the shell. [ Growth, calcium
metabolism, tortoise embryos.
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The few studies that have considered growth
(change in mass) of embryonic turtles have been
restricted to cryptodires (Ackerman, 1980, 1981,
Cheloniidae: Careita, Chelonia; Miller, 1982,
Cheloniidae: Caretta, Chelonia, Eretmochelys,
Natator; Morris et al., 1983, Chelydridae,
Chelydra serpentina; G. Packard et al.,, 1983,
Emydidae, Chrysemys picta). Growth of these
embryos follows an exponential or logistic form.
There are no published data on the growth of
embryonic pleurodiran turtles.

Four studies have considered the pattern of
calcium metabolism within incubating eggs of
oviparous reptiles (Packard et al, 1984a,
Chelydridae: Chelydra serpentina; Packard et
al., 1984b, Colubridae: Coluber constrictor;
Packard et al., 1985, Agamidae: Amphibolurus
barbatus, Packard and Packard, 1986,
Emydidae, Chrysemys picta). Other studies con-
cerning the utilization of calcium in reptilian
eggs only identified that the shell was the
primary source (Simkiss, 1962, 1967; Bustard et
al., 1969: Dermochelyidae, Cheloniidae). In
eggs of the American snapping turtle, Chelydra
serpenting, about 56% of the calcium for
embryogenesis originates in the shell (Packard
et al., 1984a); embryos of sea turtles obtain be-
tween 60 and 80% of the required calcium from
the shell (Simkiss, 1962, 1967; Bustard et al.,
1969).

The present study was designed to extend the

knowledge of growth and calcium metabolism in
reptilian embryos to include the long-necked
tortoise, Chelodina longicollis (Shaw, 1794)
(Testudinata: Chelidae). The specific objectives
were (a) to describe the pattern of embryonic
growth, (b) to determine the amount of calcium
in each of the compartments of the egg (yolk,
albumen, shell) at oviposition and (c) to describe
the pattern of calcium utilization and the relative
contribution from these sources during develop-
ment of the embryo. Preovulatory follicles were
also analyzed for calcium content.

METHODS

Gravid tortoises were collected by netting
dams between 13 November and 7 December,
1983 at Herbert Park (30°27°S, 151°50’E), ap-
proximately 25 km northeast of Armidale, NSW.
Tortoises were housed in individual aquaria at
ambient temperature (18-25°C). No tortoise was
retained longer than 10 days.

The straight carapace length (SCL) of each
tortoise was measured to the nearest 0.01cm with
calipers from the anterior edge of the nuchal
(cervical) scute to the posterior edge of the
postcentrals (12th marginals). Each tortoise was
weighed to the nearest 5 grams using a Pesola
spring balance.

Tortoises were palpated in the inguinal area to
determine if eggs were present. Oviposition was
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induced by intracoelomic injection of oxytocin
at a dosage of 1 iu/100g of total body mass
(Ewertand Legler, 1978). If the firstinjection did
not produce eggs within one hour, a second
injection was given. If no eggs were expelled, a
third injection was given. No more than three
injections were given to any tortoise; all eggs
were lmd in water.

Within 2 minutes of cgg laying, cggs were
removed from the water, wiped dry, and num-
bered using permanent ink. Eggs were weighed
to the nearest 0.01 gram ona Boschp115 top pan
balance and measured (length and width) to the
nearest 0.01em with calipers,

Eggs were incubated in 2.5 litre plastic con-
tainers sealed with tight-fitting lids. Eggs were
3/4 buried in vermiculite moistened to 15 %
water by weight (approximately -200kpa). The
moisture level was maintained by adding 3-Sml
distilled water every 7-10 days during incuba-
tion. The temperature was maintained at 30%/
0.7°C throughout incubation. The position of
each contuiner was regularly shifted within the
incubator to minimize the potential effects of
temperature gradients (Bull et al., 1982).

If most eggs in a clutch did not exhibit a white
arcaon the uppermost part of the shell (an indica-
tion of viability) within 7 days of oviposition, the
clutch was not used for the calcium metabolism
cxperiments.

One cgg from cach clutch was collected at
predetermined times during incubation (0, 20,
30, 35, 40, 45, 50, 55, 60 days, and hatching).
Each egg was re-weighed and re-measured at the
time of sampling then opened and the contents
were separated into embryo, yolk, membranes
and fluids, and shell. The fresh mass of cach
component was obtained to the nearest mil-
ligram. The embryos were staged according to
Yntema (1968). To determine hatching success,
it was assumed that normal embryos obtained
trom eggs sampled during incubation would
have developed into normal hatchlings and it
was assumed that abnormal embryos would not
have produced hatchlings.

Follicles (n=66) of different mcasured
diameters (20.0lcm) were removed {rom the
ovarics of four decapitated tortoises and weighed
(= 0.01g).

Each egg component and follicle was dried to
constant mass at 60°C, Embryos were ground in
a mill into finc particles; yolks and follicles were
homogenized by hand using a mortar and pestle.
Subsamples of 300mg or entire samples were
digested in boiling, concentrated nitric acid

aided by 30 % hydrogen peroxide (both reagent
grade). Samples were brought to 100ml volume
with distilled water. Further dilutions of diges-
tate were made using 0.02 % strontium chloride
(1ml sample + 9ml dilutent) dispensed through
an auto-dilution system (Hook and Tucker In-
struments, New Addington, England). Five
samples of water {from vermiculite that had been
soaked for 20 days in distilled water were also
analyzed for calcium.

The calcium content of cach sample was deter-
mined using a Pye Unicam SP 190 single-beam
Atomic Absorption Spectrophotometer (using
an air/acetylene flame) coordinated with an SP
450 automatic sample changer following stand-
ard procedures.

The data were analyzed using onc-way
analysis of variance with the initial cgg mass as
the potential covariate (programme BMDP2V,
Dixon et al., 1981). Further examination of the
data for calcium in yolks and embryos was done
by comparing the regressions for the variables
among the clutches. This approach was taken
because only one egg was collected from cach
clutch at the sampling times which precluded use
of analysis of co-variance with groupings by
clutch and day of sampling. Data for the regres-
sion analysis were truncated to climinate time
zero because preliminary analysis demonstrated
no significant differences occurred between data
at time zero and day 20. Truncation simplificd
the curvilinear naturce of the remaining data and
allowed better comparison on a linear basis. Be-
cause of this, however, these regression lines do
not fully describe the cntire data set. Sample
sizes vary among the treatments; P = 0.05 was
used to establish significance. Least Significant
Difference (LSD) values were calculated using
Statistix (Analytical Software, St Paul, MN,
USA) computer program; calculation of other
statistical tests followed Zar (1974),

RESULTS

A total of 64 female tortoises were captured
and injected with oxytocin; only 16 (25%)
produced cggs (Table 1), usually after a third
injection. The general cffectiveness of oxytocin
on the tortoises was low. The time interval be-
tween injection and oviposition was variable.
The shortest period was 1.5 hours and the longest
was nearly 15 hours. All tortoises required at
least two injections before oviposition was in-
duced. Most tortoises were not obviously dis-
tressed by handling or injection; all animals
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TABLE 1. Summary on tortoises, clutches, incubation period, and hatching success.
FEMALE WEIGHT | SCL NUMBER TOoTAL |PERCENT INCUBATION | HATCHING
NUMBER (2) (cm) OF EGGS CrLuTtcH |CLuTcH PERIOD SUCCESS
WEIGHT |WEIGHT (days) (%)
(g) (8)
USFD IN CALCIUM DFTERMINATION
6A 1020 19.34 14 74.68 7.32 81 92.8
11 1020 19.97 12 94.01 9.02 75.5 91.6
16 750 17.94 8 38.76 5.16 64 100
27 1010 19.15 17 84.17 8.33 80 70.5
41 790 9 55.69 7.05 74 100
61 1060 11 74.68 7.05 67 100
82 11 62.08 71.5 100
89 780 9 4951 6.35 66.5 100
122 914 19.43 11 79.59 8.71 70 100
MEAN 918 19.17 11.33 68.13 7.37 72.17 94.99
STD DEV 118.9 0.671 2.624 16.815 1.203 5.622 9,229
MINIMUM 750 17.94 8 38.76 5.16 04 70.5
MAXIMUM 1060 19.97 17 94.01 9.02 81 100
NUMBER 8 5 9 9 8 9 9
NOT USED IN CALCIUM DETERMINATION
6B 940 19.34 15 67.5 7.18 0 0
15 720 17.84 9 45.28 6.28 0 0
78 980 19.81 4 34.2 348 0 0
99 13 89.93 0 0
162 750 17.72 9 62.49 8.33 74.5 22.2
103 1080 20.18 11 66.95 6.2 0 0
118 930 19.25 12 60.89 6.54 0 0
MEAN 900 19.023 10.43 61.034 6.33
STD DEV 126.62 0.932 3.288 16.397 1.466
MINIMUM 720 17.72 4 34.2 3.48
MAXIMUM 1080 20.18 15 89.93 8.33
NUMBER 6 6 7 7 6

remained watchful and active during their cap-
tivity. Oviposition was usually preceded by a
slight increase in activity.

In total, 175 eggs were induced from 16 tor-
toiscs giving a mean clutch size of 10.93 eggs
(sd=3.47, range=4-17) (Tablec 1). Non-viable
cggs were found in 7 clutches containing 73
eggs.

SI1ZF AND WEIGHT OF FEMALE TORTOISES

The mean straight carapace length (SCL) of
female tortoises captured during the study was
19.1ecm (sd=2.229, Range=14.1-26.5, n=59).
There was no significant difference between the
mean SCL of tortoises that laid eggs (19.1cm,
sd=0.867, range=17.72-20.18, n=11) and the
mecan SCL of thosc that did not (19.1cm,

sd=2.411, range=14.12-26.5, n=48) (t=0.0831,
df=57). In the group of tortoises that yielded
eggs, there was no significant difference be-
tween the SCL measurements of those tortoiscs
whose eggs were used in the calcium experiment
and the others (t=0.254, df{=10).

The mean mass of all female tortoiscs was
855.4g (sd=229.7, range= 364-1440, n=62).
There was no significant difference between the
mean mass of the tortoises which yielded eggs
(909g, sd=130.2g, range=720-1080, n=14) and
the mean mass of those that did not (824.5g
(sd=266.1, range=364-1440, n=48) (t=1.162,
df=61). There was no significant difference be-
tween the masses of those females whose eggs
were used in the calcium experiment and the
others (t=0.252, df=12).
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FIG. 1. The relation between female body weight and mean egg weight grouped by clutch. Letters identify
clutches: D=15, E=102, F=16, H=82, 1=89, J=41, K=122, L=118, M=6b, P=78, Q=27, R=11, S=6a, T=61,

U=103.

the wet mass of the albumen beginning at about
one-third of the incubation period (F 0.05[8,29]
= 6.265), there was not a significant decrease in
the dry mass of the solid material of the albumen
during incubation (F 0.05[8,29] = 2.201).

The wet mass of the yolk decreased sig-
nificantly during incubation (F 0.05[10,55] =
22.866). This was mirrored by the decrease in
dry mass of the yolks (F 0.05[10,55] = 13.277)
(Fig. 3).

The combined mass of the fresh yolk and al-
bumen decreased significantly during incuba-
tion (F 0.05[9,42] = 15.464). The combined mass

of dry yolk and albumen exhibited a significant
decrease (F 0.05[9,42] = 26.416).

The mass of water in the albumen, yolk and
combined yolk and albumen decreased during
incubation in concert with the decrease in the
total mass of each. However, the percentage of
waterin the albumen and yolk remained relative-
ly constant (Table 4). Water comprised ap-
proximately 95.3% of the mass of fresh albumen
throughout incubation. Water contributed ap-
proximately 69.3 % of the total mass of the yolk
at the beginning of incubation but only 56.3 %
at hatching. There appeared to be little change in
the proportion of water in the yolk during the first
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TABLE 2. Results of analysis of variance between clutches for ovipositional weight, length, and width of eggs.

SUM oF DEGREES MEAN
SQUARES FREEDOM SQUARE F P
OVIPOSITIONAL EGG WEIGHT
REGRESSION 103.561 8 12.945 154.597 | 0.001
RESIDUAL 7.787 3 0.984
OVIPOSITIONAL EGG LENGTH
REGRESSION 3.115 8 0.389 53.943 | 0.001
RESIDUAL 0.671 93 0.007
OviroSITIONAL EGG WIDTH
REGRESSION 2.097 8 0.262 15.821 | 0.001
RESIDUAL 1.541 93 0.017

one-half of incubation but during the last half,
the proportion of water decreased. Even though
there was a nett decrease in the solid material in
the yolk, the percentage of solids increased be-
cause, proportionally more water than solids was
removed.

The fresh mass of the embryos increased sig-
nificantly (F 0.05[9,61] = 24.157) during incuba-
tion. in embryos, as the amount (mass) of water
increased, the percentage of water decreased
(Table 4). The dry mass of embryos increased

significantly during incubation (F 0.05[9,60] =
20.588).

STAGE OF DEVELOPMENT

The stage of development reached by the
embryos at any given time during incubation at
30°C was described by the equation: log stage =
1.448 + 0.4325 log days, R*=0.651. The stages
of development increased rapidly during the first
half of incubation and began to plateau shortly
thereafter (Fig 2). This is predictabie because
more stages are defined to occur during this

TABLE 3. Percent composition of fresh egg components at selected times during incubation. ND=not

determined.
DAY OF INCUBATION
0 20 35 50 70

PERCENT ALBUMEN 428 459 48.2 235 253
WEIGHT OF ALBUMEN

MEAN 2.26 2.85 2.8 132 1.19

STD DEV 0.457 0.965 0.359 0.196 0.499

NUMBER 6 3 3 3 2
PERCENT YOLK 57.2 523 38.2 292 2.6
WEIGHT OF YOLK

MEAN 3.02 3.25 2.22 1.65 0.12

STD DEV 1.678 0.703 1.16 1.192 0.176

NUMBER 9 3 2 6 11
PERCENT EMBRYO ND 1.78 13.6 473 72.1
WEIGHT OF EMBRYO

MEAN ND 0.11 0.79 2.65 3.37

STD DEV 0.060 0.179 0.596 1.037

NUMBER 5 6 7 12
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FIG. 2. Slages of developmenl of Chelodina longicellis bused on the table of normal development for Chelvdra
serpenting (Yntema, 1968). The bux provides some of the characteristics for determining the stage.

period when differentiation is occurring rapidly
(sce Yntema. 1968). Development of the allan-
tois began before the mid-point of incubation. As
the membrane grew into position to participate
fully in metabolic activity, embryonic growth
accelerated.

CaLCuvM IN FOLLICLES AND EGGS

The caleium available from the incubation
medium (vermiculite + distilted water) averaged
0.019mg (runge=0.025-0.015, n=5). The patlern
of increase in caleium in follicles ol increasing
dry mass followed the formula:log Ca = 1.3483+
1.2086 log drv follicle mass ( R™=0.792). The
amount of calcium contained in the 15 largest
follicles did not differ significantly from that in
ovipositional volks (t = 0.268, P > (.05).

Twelve samples of shell were anatyzed to pro-
vide an estimate of total calcium available for
translocation into the developing embryo. Shells
were collected from early in incubation because
later shells tended to fragment. The mean of the

samples was 184.9mg Ca (sd=41.054,
range=135.6-248.7).

Eighteen samples of albumen were analyzed
to determine calcium content. The mean was
0.6252mg Ca (sd=0.4422. range=0.119-1.637).
The samples were accepted only as an indication
and were not subjected to further analysis be-
causc of the potential of contamination by other
materials (e.g. blood, extra-embryonic fluids and
granules of shell) during preparation.

The amount of calcium in the yolk did not
change significantly during the first 30 days of
incubation, then it declined rapidly for about 20
days after which it leveled off at about 2% of the
mean starting value (Fig. 4; Table 5). Analysis
of variance with initial egg mass as the potential
covariate showed there was significant decrease
in the amount of calcium in the yolk (F
0.05[9,69] = 135.40). Comparison of the slopes
of regression lines of the amount of calcium in
the volk against time for each clutch were not
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FIG. 3. The change in dry mass of embryos and yolks during incubation of Chelodina longicollis eggs. Vertical
lines indicate one standard deviation; numbers are sample sizes. Means that are separated by at least one LSD

bar are significantly different at the 0.05 level.

significantly different (F 0.05[8,50] = 1.594) but
the elevations were (F 0.05[8,58] = 3.058).

The concentration of calcium in the yolk
remained relatively stable for the first half of
incubation but decreased thereafter to hatching
(Fig. 5). Analysis of variance with initial egg
mass as the potential covariate revealed that the
concentration of calcium in the yolk decreased
significantly during incubation (Table 6). Dif-
ferent clutches displayed significantly different
slopes indicating that the concentration of cal-

cium during incubation was significantly dif-
ferent (Table 6).

The amount of calcium in the embryos did not
increase significantly until after 30 days of
development. The rate of change was slow at
first then increased rapidly until just before
hatching. The amount of calcium in the embryo
of ovipositional eggs was assumed to be negli-
gible; this was confirmed by analysis of slightly
older embryos (Table 5). Analysis of variance
with initial egg mass as the potential covariate
demonstrated that significant differences oc-
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TABLE 4. Percentage of waler and solids in egg components ar selected times during incubation. ND= not

determined.
DAY OF INCUBATION
0 20 35 50 70

PERCENT WATER

AL RUMEN MFAN g5.3 95.4 96.1 96.4 933
STp DEV 7.46 132 1.34 0.65
NUMBER 6 K} 1 3 4

YOLK MEAN 9.3 78.6 79.6 63.4 56.3
STD DEV 7.38 3.93 12.3 8.52
NUMBER 9 3 1 6 il

EMBRYO MEAN ND 94.8 90.1 82.8 78.8
STh DEV 2.8 0.85 1.38 1.62
NUMBER 4 (5} 7 12

PERCENT SOLIDS

ALBUMEN MEAN 4.6 4 3.9 36 4.7
STD DEv 0.746 1.25 1.345 0.65
NUMBER 6 3 1 3 4

Youk MEAN 30.4 214 204 5.6 43,7
STD DEV 7.375 4.05 12.32 §.532
NUMBER 6 3 1 6 11

EMBRYO MEAN ND 6.6 9.7 17.3 20.8
STD Drv 0.495 0.854 1.384 1.798
NUMBER 2 6 7 13

curred in the amount of calcium in the cmbryos
during incubation (Tablc 6).

The concentration of calcium in the embryos
increased steadily from about 20-30 days upntil
hatching (Fig. 5). The increased variance following
60 days of incubation resulted from cither of two
sources: (1) contamination by extra-embryonic
fluids. blood, or granules of shell or (2) non-dis-
crimination between late stage embryos and hate-
hlings. Analysis of variance with initial egg mass
as the potential covanate substantiated that the
concentration of calcium increased significantly
during incubation (Table 6).

The total amount of calcium in the egg, exclud-
ing the shell, increased significantly during in-
cubation (Table 6). The pattern of change n the
total calcium followed that of the yolk for slight-
ly maore than the first half of incubation and
followed the increase in the embryo thereafter
(Fig. 3). The demand for calcium by the embryo
for ostecogenesis exceeded the amount available
Irom the yolk and albumen combined. Because
only a low concentration of calcium was avail-
able from the incubation medium and because
cggs showed a net loss of water during incuba-

tion, it is assumed that the extra requircment was
supplied by the shell.

DISCUSSION

References to studies of the ecology and
general biology of Chelodina longicoliis are
provided by Cogger ct al. (1983); Parmenter
(1976) studied the ecology of this tortaise in the
Armidale region and provided a comparative
review of the older literature.

Parmenter (1976, 1985) found that larger
females tended to lay more eggs than smaller
ones. The average number of eggs reported was
139 (sd=4.29, range 6-23, n=74). The average
clutch size in the prescent study was 10.93 (range
4-17) cggs. Both of these values arc consistent
with other reports on the number of eggs per
clutch (Harrington, 1933: n=up to 20. Goode.
1967: n=10-15; Kreflt. 1865: n=15-20; Mc-
Cooey: 1887, n=15-36; Lucus and Le Soucf.
1909: n=7-21; Vestjens, 1969: n=13-24).

Atan incubation temperaturce of 30°C, incuba-
tion requires 60-69 days (Parmenter, 1976,
1985), 73-78 days (Goode and Russell, 1968),
53-76.5 days (Legler, 1985) and 63-82 (this
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FIG. 4. The content of calcium in embryos, yolks and total egg (excluding the egg shell) during incubation of
Chelodina longicollis eggs. Vertical lines indicate one standard deviation; numbers are sample sizes. Means
that are separated by at least one LSD bar are significantly different at the 0.05 level.
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FIG. 5. The concentration of calcium in embryos and yolks during incubation of Chelodina longicollis eggs.
Vertical lines indicate one standard deviation; numbers are sample sizes. Means that are separated by at least
one LSD bar are significantly different at the 0.05 level.

study). Because the duration of incubation varies Parmenter (1976) reported a very strong cor-
inversely with temperature, eggs incubated relation between the log of female mass and
under natural conditions require longer to hatch  straight carapace length (SCL) (R*=0.97). In the
(Goode, 1967: 130-137d; Goode and Russell, present study, the linear regression had the best
1968: 131-145d; Vestjens, 1969: 118-150d; Par-  correlation between female mass and SCL. Par-
menter, 1976: 105-123d). menter (1976) also found a significant, positive
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TABLE 5. Amouuts of calciom (mg) in egg components at selected times during incubation, ND=not
determined.
DAY OF INCUBATION
0 20 35 50 70
ALBUMEN MEAN 0.625 0.205 0.394 0.227 0.412
ST DEV 0.442 0.321 0.152 0.132
NUMBER 4 1 2 2 5
YOLK MEAN 5232 5.395 5.134 0.758 0.126
STD Dev 1.889 2,246 1.679 0.408 0.128
NUMBER 12 4 6 7 12
EMBRYO MEAN ND 0.343 0.657 8,192 18.45
STD DRV 0.589 0,117 2.196 3.918
NUMBER 3 ) 7 13
SHELL MEAN 189.66 179.9 160,59
STD DEV 49,59 37.47 30.34
NUMBER 4 2 4
AUBUMEN GROUPS NOT SIGNIFICANTL Y DIFFERENT YouLk GROUPS SIGNIFICANTLY DIFFERENT
ANova' F 0.05 [4,9]=0.5819 ANova: F0O.00t [4,36] =28.311
EMBRYO GROUPS SIGNIFICANTLY DIFFERENT SHELL GROUPS NOT SIGNIFICANTLY DIFFERENT
ANOVA. FO.001[3,24]=60.284 ANOVA: F 0.005]2,7}=0.3705

correlation between the size of the female and
the total number of eggs in the clutch. This was
notsupported in the present study but may simp-
ly reflect diffcrences in sample sizes. Although
there was a reasonable correlation (R°=0,77)
between egg diameter and the SCL uf the female,
the correlation hetween egg length and SCL was
poor (R*=0.18) (Parmenter, 1976). The
generalization that egg length does not incrcase
substantially with SCL but that egg diameter
does was supported by the present results. The
correlation between mean egg width and mean
cgg mass is associated with an increase in follicle
diameter in larger females. Although not
demonstrated in the present study, the increase
in follicle diameter affects the diameter and in-
crease in mass of the cggs in marine turtles
(Miller, 1982). Because the eggs are oval and the
yolks arc round, there is little albumen between
the vitelline membrane of the yolk and the inner
portion of the shell membrane. The albumen is
situated primarily towards the ends of the egg.

Embryonic growth in Chelodina longicollis as
indicated by the change in dry mass of cmbryos
and yolks is similar to 1hat reported for Chelydra
serpentina (Morris et al., 1983) and follows the
general pattern of embryonic growth in marine
turlles (Ackerman, 1981: Miller, 1U82),

The distribution of calcium in fresh eggs of
Chelodina longicollis is similar to that reported
for other species of oviparous repiiles (see Pack-
ard and Packard, 1984). At oviposition the al-
bumen contained only a small quantity of
calc¢ium. The yolk contdined more, but lcss than
the cpg shell (Table 5). At the end of incubation,
calcium reserves in the albumcen had not been
significantly reduced. Those of the yolk were
reduced and calcium in thc cmbryo had in-
creased significantly.

The yolk contributed about 30} of the total
calcium required by the developing embryo: the
remaining 70% of the embryonic requirement
was derived from the shell. This compares
favorably with the contribution (% Ca) made by
thc cgg shells of sea turtles (Cheloniidac and
Dermochelyidae) of between 60 and 80 % (Sim-
kiss, 1962, 1967; Bustard et al., 1969; Miller and
Jones, unpub data). The comnbqun madc by
the cgg shell of Chielodina longicollis is about 15
% tigher than occurs in Chelydra serpentina
(56%, M. Packard et al., 1984b) and is much
higher than the contribution made by the poorly
calcified egg shell of the snake Coluber constric-
tor (21 %. M. Packard el al,, 1984a) and the
lizard Amphibolurus barbatus (40 % M. Packard
etal., 1Y8S).
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TABLE 6. Analysis of variance tables for calcium content and concentration in embryos, yelks, and the total egg
(excluding shell) with initial egg weight as the potential covariate based on log (value + 1) NS=Not Significant.

SOURCF SUM OF DEGREES MEaN F i
SQUARES FREEDOM SQUARE

YOLK DRY WEIGHT (g)

Day of incubation 4.841 9 0.538 3392 0.01

Initial egg weight 0.809 1 0.809 51.04 0.m

Error 1.094 69 0.015

EMBRYO DRY WEIGHT (g)

Day of incubation 2.719 Y 0.302 14.44 0.m

Initial egg weight 0.226 1 0.226 10.02 0.01

Error 1,444 69 0.021

YOLK CA

CONCENTRATION (mg/g)

Day of incubation 18.563 9 2.063 11.84 0.01

Initial egg weight 0.0188 1 0.0188 0.1 NS

Error 12.022 69 0.174

EnBRYO CA

CONCENTRATION (mg/g)

Day of incubation 75.607 9 8.401 9.64 0.01

Initial egg weight 0.955 1 0.955 1.1 NS

Error 60.124 69 0.871

York CA (mg)

Day of incubation 44.307 9 4.023 1354 0.01

Initial egg weight 1.830 1 1.830 50.34 0.01

Error 2.508 69 0.036

EMBRYO CaA (mg)

Day of incubation 112,512 9 12.501 184.17 0.01

Initial egg weight 0.625 1 0.625 9.21 0.01

Error 4.683 69 0.067

ToTAL CA (mg) IN EGG

EXCLUDING SHELL

Day of incubation 19.451 9 2.161 40.81 0.01

Initial egg weight 2.778 1 2.778 52.46 0.01

Error 3.654 69 0.053

The total calcium in the enlire egg (shell, al-
bumen, yolk, embryo) apparcntly does not
change but is redistributed. The total egg con-
tains enough calcium for embryogenesis without
obtaining any from the environment. However,
the combined yolk and albumen cannot supply
the requirements for cmbryogencsis without
augmentation from the shell. The pattern of
embryonic growth and incorporation of calcium
indicates that the two sources (yolk, shell) are
utilized more or less sequentially. More calcium
is derived from the shell later in incubation as
reserves in the yolk decline. This is consistent
with the pattern of development of the allantois
and indicates that cxtraction from the egg shell

is by the chorioallontic membrane. Further, the
twao sources of calcium are not utilized equally
by the embryo. By the end of incubation the
calcium in the yolk was nearly exhausted;
whereas the shell contained sufficient calcium to
supply all the embryonic demand (based on
samples taken carly in incubation, Table 5).
The pautern of calcium utilization by
embryonic Chelodina longicollis is similar to
that reported for Chelydra serpentina (Packard
ef al., 1984a) and Chrysemys picta (Packard and
Packard, 1986). The amount of calcium in the
yolk is at first relatively stable suggesting little
use of calcium by the embryo. However, the
amount of yolk declines sharply after about 50



%4 olincubation, Similarly, there is noderectable
chiunge in ealcium during the carly stages ol
embryvonicdiflerentialion, However, The asmount
nf caleinm increases rapidly after the embryo
hegins the growth phase of developmen). The
nnly noticeable variation in the wo patterns
occurs lalen incubation of Chelodina longicol-
Irv when the 1ates of caleium uptake in the
embryo and loss by the yolk is slow. This may
be the case in reptilian eges when the incubation
period 18 variable, ‘The incubation ranged be-
tween 63 and 82 days under constant conditions.
This range is equal o ane-thint of (he fastest
develnpmental time and onc-quarter ol the
stowest At present the variation cannot be
cvaluated because fow clutches were incubated.
and the pussibility of g subtle influcnce by minot
temperature gradienls canmm be discounted.
There may also have been a minor influence
resulling fmm foreed oviposition. as has been
shows im lzads (Jones, T983).

Rapid mobilization of calcium into the embryo
in the laner hall of incubiion coincides with the
osteogenic phase of development. The primary
use ol calcium by the embryo is in the building
af fones (Simhiss, 1967).

Embryonic catcium levels increase in concert
with the deerease in yolk caleium. The yolk
supplics the calcium necessary lur the iniliation
of 1lw embryonic growth phase. The somatic
development ol the embryo requires caleium
{atbeit small quantities) at s time when the allan-
Inis has nnt develnped sulficiently to give ready
accesy o the reservesin the shell As the vitelline
membrane extends around the yolk, the arca
between the sinus 1eaninalis and the embryo
becomes vasculanised. This oceurs close enough
i the inner part of the shell membrane to atlow
the necessary respirmary exchange; only o thin
Laver of albumen and the chorion lie between
them. This degree ol apposition may allow some
translocation ol caleium. Certainly, as the arca
vasculosa of the vitelline increases, befure the
Mluntois extrudes between it und the chorion,
some caleium may be acquired from rthe shell,
However, at this tinie the demand is small and
the vascularised surface nf the vitelline is aclive-
ty interacting with the yolk lor the general nutri-
tion of the embryo and apparently selectively
removes ealeinm (see Mackard ot al., 1984a;
Packard and Packard, 1984). The development
ol the altantois pnor 1o (or simultancousty with)
the increase in demand for oxygen and calcism
ensures suppart tor the growth phase.

Ihe role of respiritory exelimge in the trans-
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lacation of calcium in reptilian cggs has no heen
demonstrated but gas exchange plays an impor-
tant role in banslocilion during avian dlevelop-
ment (Crooks and Simkiss, 1974), Packurd and
Packanl (1984) provide critical speculalion
about the lunction of the chorioallantois in trans-
location of caleium but no experimental data are
available.

During incubution, embryos of domestic fowl
(Gallus domesticus) store calcium derived fimm
the shell in the volk to such an extent that by
hatching the yolk contains more caleium (50-75
%) and at a higher concentration than at oviposi-
tion (Johnston and Comar, 1955; Romanofl,
1967; Simkiss. 1967: Crooks and Simkiss.
1974y, In conlrasl, the amount of calcium
yolks of Chelvdra serpentina (Packurd ct al,
19840), Chrvsemys picie (Packard and Packad,
1986) und Chelodina longicallis decrense during
incubation, The decrease inconcentration of cal-
civm in the yolk indicates that these embryos
selectively remove caleium from the yolk, Sim-
kiss (1967) reported a decline in the amount of
culeium in yolks ol Coregu carerta during in-
cubation, althongh the lemporal ¢hanges in the
quantity and concentratinon were not determined;
e also reported that the *ealciom in the cgg
contents increases rapidly in the latter part of
incubalion and is [ive times greater at hatching
than in the Tresh ege™ (SimkKiss, 1967, p.22W).
Larher, Simkiss (1962) demonstrated o Tourlold
increase ol eatcinm within the egy of Dermache-
Ivs corfacea. Clearly these oviparous reptiles
follow wsnumibar pattern of otilizanon of catctum
that is quite different from the pattern followed
by hirds.

Although all the coleium tor embryogenesis 15
available Trom the yalk and shell, the ultirate
source »f calcinm s (he female whn wereies
both ol these structures. Very little work has
focused an tns aspect of he overall role of
calcium in reprnductinn. Data derived lrom 2
numher ol difterent reptiles (see review by Sim-
kiss, 1967) provides only a partial picture.
Repraductinn by an vviparous reptile ¢on be
subdivided into twa phases. The first phasc in-
cludes the preparation of the follicles prior 10
ovulation, This may require only o month or so
in somc lizards or as long as two years or more
(c.g. Vipera berus). The seeond phase is the
deposilion of the shell around the ovulated ova.
The pracess al vitellogenests provides the yolk
proteins containing calcium over g period of time
that is typicatly longer than the period required
for deposition of the shell. The farmer does not
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put as much stress on the calcium budget of the
female as does the latter. The proximal source of
calcium for vitellogenesis and shell deposition is
bone (Dessauer and Fox, 1959) but the ultimate
sourcc is the dict of the female.
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